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SECTION 1 

SUMMARY 

1-1 GENERAL 

A comparison of results from the civilian casualty assess

ment codes CIVIC and TENOS was accomplished with the intent of de

termining the influence of methodology differences employed by the 

two codes. The principal methodology differences examined were: 

1-2 

• fallout model - SEER versus WSEG-I0, 

• techniques for combining prompt and 
fallout effects, 

• population representation (point versus 
area targets) and CEP considerations. 

ASSESSMENT CONDITIONS 

Three CIVIC and one TENOS assessment problems were executed 

with a population data base and weapon strike file provided by FEMA. 

Only one TENOS assessment was conducted by FEMA because of other high 

priority commitments. With the possible exception of variations in 

population posture (shelter conditions), this single assessment was 

representative of the normal operating capabilities of the code under 

the specified strike file. The population data base consisted of 

98,606 records with a total population of 211,706,673 contained within 

the 48 contiguous states. The weapon strike file consisted of 1,459 

weapons ranging in yield from 1-20 MT, with a total megatonnage of 

6,607. Of the total number of weapons, 795 were fallout producers, 

with a total megatonnage of 4,375. The weapons inventory and strike 

file are considered reasonable and prudent. The weapon strike file 

produced significant overlapping of fallout areas over large areas 

of the United States. 

1-3 CAVEATS 

The observations noted below pertain only to the assess

ment conditions noted above. Based on this work and other code com

parison work, it is clear that results obtained through the use of 

different assessment codes are heavily: dependent on the size and 

nature of the data base and on size and yields employed in the weapon 

strike file. In general, the smaller and more dispersed the weapon 

laydown, the larger the differences between various assessment codes. 

5 



1-4 OBSERVATIONS 

The results of the comparison show the following: 

a. Comparison of CIVIC runs using the WSEG-10 option(l) 

and the improved SEER-II option (all other input conditions iden

tical) showed that the WSEG-10 model produced nearly 11% more fall

out-only fatalities than the improved SEER-II model. 

The fallout-only fatality difference in this assessment 

is not as large as those that were produced in other assessment 

comparisons performed for DNA. This may be due to either a prepon

derance of very large weapons or the number of lesser yield weapons 

in the strike file. Either will subject a large part of the popu

lation data base to many overlapping fallout fields. Secondarily, 

at the larger yields, the differences in fallout contours produced 

by the two fallout models are not as pronounced as they are for 

the lower yield weapons. In addition, the GWC October winds used 

in this assessment has low wind shear characteristics. It was noted 

in previous studies that WSEG-10 compares well with other fallout 

models when the wind shear is low. 

b. The comparison which was developed to show the influ

ence of the prompt and fallout environment combining methodology in 

the two codes indicated that the CIVIC combining methodology pro

duced about 11.2% greater fatalities than the methodology in TENOS. 

The combining methodology is independent of the fallout model employed. 

c. TENOS does not use weapon CEP in casualty assessments 

and treats population areas as points, whereas most casualty assess

ment codes consider the CEP in prompt casualty calculations. To 

assess the impact of these conditions, two CIVIC calculations were 

made. In one, zero weapon CEP's and a point target representation 

of the population was employed. In the other, a normal CEP of 

1500 feet and an area (P-95 circle) representation of the population 

was employed. Comparison of results from the two calculations 

showed that these two parameters, when employed in conjunction with 

(l)Two fallout models are contained in CIVIC--SEER and WSEG-10. 
The user can select at run-time, via an input flag, which model 
he desires to use for fallout assessments. 
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one another, had no influence on the outcome of the assessment for 

the weapon strike file employed. 

d. The TENOSjCIVIC-l comparison case in which CIVIC was(2) 

employed with zero weapon CEP and a point target representation of 

the population (to be consistent with TENOS methodology), showed 

national assessment results that were in reasonable agreement. The 

difference in prompt fatalities was about 4%, and almost all of 

this difference can be attributed to differences in the shelter 

damage functions and the prompt damage probability calculations 

because of the insignificant influence of CEP and target represen

tation parameters noted in (a), above. 

The combined environment fatality difference of 6.3% 

represents differences in three aspects of the assessment; the prompt 

environment calculations, the differences in the fallout models 

employed by the two codes, and the methodology for combining the 

prompt and fallout environments. From paragraphs (b) and (c) above, 

we note that the fallout model differences (TENOSjWSEG-10 results 

larger) and the combining methodology differences (CIVIC results 

larger) are sufficiently counterbalancing in this scenario that 

the differences between the CIVIC and TENOS assessment results 

can be considered negligible. 

e. As might be expected, the results from the state-by

state summaries show the much wider variations that can be attri

buted in large part to the differences in fallout models and the 

extent of fallout area overlapping. The results for two states 

serve to illustrate this point. The combined fatality difference 

for the TENOSjCIVIC-l comparison in the State of Alabama, for 

example, shows a 23.5% difference with the TENOS (WSEG-10) fatali

ties being higher. On the other hand, for the State of California 

the difference in combined fatalities is 9.7% with the CIVIC (SEER) 

fatalities being higher. 

(2)The notation CIVIC-l, CIVIC-2, CIVIC-3 is used only to describe 
the three CIVIC assessment cases (see Table 3) which involves 
only variation to the input run-stream. The differences in the 
methodology employed when these variations are employed are dis
cussed in Appendix A. 
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For large weapon laydowns, particularly where large 

yield weapons are involved, one can conclude that differences in 

code methodology are washed out when looking at national results. 

However, where specific areas or location are of interest, par

ticularly as regards constraints that may be employed with certain 

attack options, significant assessment differences may be observed 

when using the different methodologies/models employed in CIVIC 

and TENOS. 

It should be noted that the assessments addressed in 

this study were based on the use of shelter distance-damage func

tions derived from FEMA data. AP-550 distance-damage functions 

for similar shelter categories are somewhat different because of 

the larger damage sigmas and could conceivably result in larger 

casualty estimates. However, this aspect of the damage method

ology was not examined in this study. 
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SECTION 2 

INTRODUCTION 

This report documents the results of a code comparison pro

gram sponsored by DNA. The primary objective of the program was to 

evaluate the casualty differences that would be encountered when 

employing different population casualty assessment codes. This objec

tive was to be satisfied by accomplishing the following: 

• Exercise damage assessment models against a number of 
specific problem sets. 

• Compare casualty output results. 

• Identify where possible, the source of any 
significant differences in output results. 

During the initial planning stages of the program, it was 

believed desirable to perform the comparative assessments using four 

computer programs: 

• TENOS (employed by FEMA) 

• READY (employed by FPA) 

• SIDAC (employed by CCTC) 

• CIVIC (development sponsored by DNA) 

However, because of other high priority commitments, FPA and CCTC could 

not participate in the program and thus the only assessment codes that 

could be employed in the comparison were TENOS and CIVIC. Furthermore, 

the FEMA participation with TENOS was limited to a single assessment 

run. 

9 



3-1 GROUND RULES 

SECTION 3 

COHPARISON GROUND RULES AND 
ASSESSHENT CODE DIFFERENCES 

In order that meaningful comparisons could be made, a number 

of ground rules or initial conditions were established by the program 

participants (FEMA, SAGA, DNA) at the outset of the work effort. These 

are shown in Table 1. 

3-2 BASIC DIFFERENCES IN THE ASSESSMENT CODES 

In order to establish some rationale or logic for the selection 

of assessment problems, it was useful to identify general methodology 

or data base factors that might contribute to differences in casualty 

results. Among those considered the most significant were: 

• Population representation 

• Population shelter distribution 

• Prompt weapon effects damage methodology 

• Fallout model employed 

• Methodology for combining prompt and fallout effects 

• Weapon associated parameters 

With the establishment of these general factors, they were 

then specifically related to the capability of the codes that were to 

be employed in the comparative analysis. These are shown in Table 2. 

The comparison ground rules and the methodology factors 

noted above were the basis for the specification of the assessment 

problems discussed in Section 4. 

10 
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Table 2. TENOS and CIVIC assessment methodology differences. 

Population Representation 

Shelter Distribution at 
Each Population Place 

Weapon Impact Point Distri
bution Considerations 

Probability of Weapon 
Arrival Considerations 

Prompt Effects Damage 
Function 

Fallout Model 

Combined Prompt and 
Fallout Effects 

Wind Data Base 

Biological Repair 
Function for Fallout 
Radiation 

TENOS 

Point 

From Population 
Data Base 

No 

No 

Blast Only 
(1 MT and Above) 

WSEG-10 

Independent 
Events 
Compounding 

5 Altitude Level 
GWC Grid Data 

Yes 

12 

CIVIC 

Option-Point or 
Area (P-95) 

From Population 
Data Base or 
Assigned Through 
Code Algorithms 

Yes 

Yes 

Blast and Nuclear 
Radiation 

Option-Improved 
SEER-II or WSEG-10 

Procedure for 
Summing Radiation 
Components Plus 
Independent Events 
Compounding 

10 Levels for 
SEER; 5 Levels for 
WSEG-10 

Option, Yes or No 
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SECTION 4 

DEVELOPMENT OF ASSESSMENT PROBLEM 
SETS AND CIVIC MODIFICATIONS 

DEVELOPMENT OF ASSESSMENT PROBLEMS 

Based on the assessment code capabilities and program objec

tives, problem sets were developed which were designed to address the 

issues specified in the following subsections. It should be noted that 

in order to examine the impact of most methodology and/or input param

eter differences between the two codes, it was estimated that about 22 

CIVIC assessment cases would be required with various permutations in 

input parameters or damage methodology. Because the large strike file 

and data base implied long computer run times, this number of assess

ments could not be accommodated. Thus, a compromise of the three assess 

ment cases described below was instituted. The necessary limitation in 

assessment runs accommodated investigation of the most important method

ology differences between the two codes under nominal input conditions. 

It did not, however, permit investigation of differences that might 

result due to variations in strike file (weapon yield), population 

shelter distribution, and wind data base. 

4-1.1 Impact of Fallout Models Employed 

With all input parameters identical, a direct comparison be

tween TENOS (WSEG-10) and CIVIC (improved SEER-II) was desired. This 

baseline comparison coupled with two other comparisons was expected to 

provide some insight regarding the influence of other input parameters 

and code methodology. 

4-1.2 Impact of Weapon CEP and Population Representation 

Because TENOS does not employ CEP in its damage calculations, 

it was believed useful to compare output results with a CEP = 0 employed 

in both codes and then to employ CIVIC with a nominal weapon CEP of 1500 

feet. TENOS also uses a point target representation of the population. 

To ascertain whether this parameter is important in casualty assessments 

CIVIC would be run with both point and area population representations. 

To accomplish this, each 2 x 2 minute cell location in the DCPA popula

tion data base was converted to an equal area circle with the center of 

the circle coincident with the DCPA cell center. The conversion was 

based on the algorithm 

13 



R(n m) = ~ 4 x cos (latitude of population place) 
• 1f 

to estimate the radius of an equivalent P-95 radius. 

4-1.3 Impact of Methodology for Combining Prompt 
and Fallout Environments 

TENOS calculates damage to population points due to prompt and 

fallout environments independently and then compounds the two, under the 

independent events assumption, to specify total fatalities and casualties. 

CIVIC on the other hand strives to account for the additive nature of the 

radiation environments (prompt and fallout) in ascertaining total fatality 

and casualty results. It appeared useful, therefore, to establish whether 

this refinement in methodology makes any impact on casualty and fatality 

results. To ascertain this impact, a direct comparison of the output 

results of the TENOS and CIVIC codes (using the WSEG-10 option in CIVIC) 

was desired. 

4-1.4 Summary of CIVIC and TENOS Problem Sets 

Table 3 summarizes the conditions of the CIVIC and TENOS com

parison problems. Table 4 summarizes the characteristics of the weapon 

strike file provided by FEMA. 

4-2 CIVIC MODIFICATIONS 

The ground rules and problem sets established above required 

that some non-inconsequential modifications be made to the CIVIC code in 

order to perform the desired assessments. The major modifications are 

shown in Table 5. 

4-3 DCPA POPULATION DATA BASE CHARACTERISTICS 

The DCPA "best sheltered" U. S. population data base for the 

contiguous 48 states contains 98,606 population r~cords with a total 

population of 211,766,673. For each record in the data base, a distri

bution of the population into one or more of six structure/shelter types 

is given based on data from the National Shelter Survey. This distribu

tion was employed in both the TENOS and CIVIC assessment runs. Defini

tions of the various structure types contained in the National Shelter 

Survey are given in Table 6. 

14 



Table 3. Assessment problems. 

~, 
Problem Population CEP 
Number Representation (feet) Fallout Model:'" 

TENOS(l) Point 0 TENOS/WSEG-10 

CIVIC-I(.!) Point 0 CIVIC/SEER 

CIVIC-II(3) Area(2) 1500 CIVIC/SEER 

CIVIC-III(4) Point 0 CIVIC/WSEG-10 

(l)To provide direct comparison with TENOS results. 

(2)2X2 minute cell converted to equal area circle 

P-95(nm) ~4 x cos (lat. OfTIPoPulation place) 

(3)TO determine influence of CEP and point versus area 
target representation 

(4)To determine influence of CIVIC prompt and fallout 
combining techniques. 

15 
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MLOP/ 
MCOP 
(PF) 

35/25 
(5000) 

10/7 
(500) 

10/4 
(25) 

8/2 
(55) 

5/2 
(70 ) 

5/2 
(5) 

* 

* 

* 

Shelter 
Type 

A 

B 

C 

D 

E 

F 

G 

H 

I 

R 

Table 6. NSS structure types. 

Description 

Subway stations, tunnels, mines, and caves 
with large volume relative to entrances. 

Basements and sub-basements of massive 
(monumental) masonry buildings. 

Basements and sub-basements of large, fully 
engineered structures having any floor system 
over the basement other than wood, concrete 
flat plate, or band beam support. 

Basements of wood frame and brick veneer 
structures including residences. 

First three stories of buildings with "strong" 
walls, less than ten aboveground stories, and 
less than 50% apertures. 

Fourth through ninth stories of buildings with 
"strong" walls, less than ten aboveground 
stories, and less than 50% apertures. 

Basements and sub-basements of buildings with 
a flat plate or band beam supported floor 
system over the basement. 

First three stories of buildings with "strong" 
walls, less than ten aboveground stories, and 
greater than 50% apertures; or, first three 
stories of buildings with "weak" and less than 
ten aboveground stories. 

All aboveground stories of buildings having 
ten or more stories. Fourth through ninth 
stories of buildings having "weak" walls. 

Classified as "Residual" on FEMA Population 
File, i.e., not belonging specifically to any 
of above structural types. Given vulnera
bility of shelter type G/H/l by SAl. 

Note: For the above description, load bearing walls are considered as 
"weak" walls. 

*Grouped together because of similar vulnerability characteristics. 
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SECTION 5 

SPECIFICATION OF PROMPT 
DAMAGE FUNCTIONS 

One of the fundamental inputs required for the calculation of 

prompt casualties is the information necessary for specifying casualty 

criteria for each of the shelter categories considered. Under the 

ground rules established for the program, the shelters to be employed 

were those specified by FEMA. If meaningful comparisons were to be made 

between code output, it was necessary that in the base case assessment 

problems, similar damage functions be employed in both codes to remove 

this factor as a potential source of difference in assessment results. 

As a starting point in the analysis, the National Shelter 

Survey damage functions employed by TENOS were examined to determine 

their characteristics in terms compatible with the CIVIC code. Six 

shelter damage functions associated with a "best" sheltered posture were 

examined. It should be noted that these damage functions pertain only 

to the blast environment because the yields employed in most FEMA assess

ment analyses are large and, therefore, blast is the predominant damage 

mechanism. However, because CIVIC calculates the weapon radius contribu

tions from the blast and radiation environments, those input parameters 

necessary for the radiation calculations were assigned by SAl. 

For each shelter category (for fatalities and casualties) a 

VNTK assignment was made to specify the blast vulnerability along with 

a damage sigma that was appropriate to each TENOS shelter damage func

tion. Plots of the probability of fatality (and injury) as a function 

of peak overpressure are shown in Figures 1-6 for six shelter categories. 

Figure 7 is a similar plot for fallout radiation. Included in Figures 

1-6 (where appropriate) are references to the AP-550 personnel vulner

ability VNTK values associated with the corresponding structure cate

gories given in AP-550. These references are shown because AP-550 

provides for only five structure types for civilian casualty assess

ments, i.e., single story structures, mUlti-story structures basements, 

hasty shelters and deep underground shelters. Table 6 summarizes the 

assignments made for each of the necessary CIVIC input parameters. The 

damage sigma values shown for the blast environment (and used in 

CIVIC) were obtained by folding the basic damage probability as a 
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function of overpressure data with overpressure as a function of range 

data for a scaled HOB of 650 feet/KT I / 3 to obtain distance-damage func-

tions. From these distance-damage functions, values for 

calculated via the approximate relationship 

were 

where the subscripts to the range (R) values indicate the damage proba

bilities at which the range values are taken. 

For all the shelters specified, the damage sigmas resulting 

from the above expression were equal to or less than .2. Thus, for 

the purposes of the CIVIC calculations the damage sigmas employed were 

as shown below. 

Shelter Category 

A - Fatalities 

- Casualties 

B/ C - Fatalities 

- Casualties 

D - Fatalities 

- Casualties 

E/F - Fatalities 

- Casualties 

G/H/_ Fatalities 
I 

- Casualties 

Resid - Fatalities 

- Casualties 

CIVIC Damage Sigmas 

28 

Blast 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.1 

0.1 

Radiation 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.3 

0.3 

0.2 

0.3 

0.2 

0.2 



SECTION 6 

RESULTS AND OBSERVATIONS 

The results of four assessment cases are shown in 

Table 8 for the national summaries and in Tables 9-12 for the 

state-by-state summaries. Table 13 shows the percent differences 

between those national assessment cases that contain the method

ology differences which were the objective of the study. 

Based on the data contained in these tables, the 

following observations can be made. 

a. Comparison of results from the cases CIVIC-1 and 

CIVIC-2 where in CIVIC-2 a zero CEP was re~laced with a nominal 

CEP of 1500 feet and an area (P-95 circle) rather than point 

target representation of the population was employed, shows that 

these two parameters, when employed in conjunction with one 

another, had no influence on the outcome of the assessment for 

the weapon laydown employed. 

b. Comparison of results from cases CIVIC-1 and CIVIC-3 

in which the only differences in CIVIC operation was the use of 

different fallout models (SEER and WSEG-10), showed a fallout-only 

fatality difference of nearly 11% with the WSEG-10 model producing 

the larger fatalities. The combined environment fatality differ

ence was about 9%, which reflects the phenomena that some of the 

excess WSEG-10 fallout-only fatalities were also prompt fatalities 

and thus were not counted in the combined calculation. 

The fallout fatality difference in this assessment is 

not as large as those that were produced in other assessment com

parisons performed for DNA~l) This is due primarily to the pre

ponderance of very large weapons in the strike file which affected 

a large part of the population data base to many overlapping 

fallout fields. This is the typical case for strategic assessments. 

(l)Swick, E. J., "A Comparison of COBRA, SIDAC, and CIVIC Population 
Damage Assessment Results", DNA5220F, Science Applications, Inc., 
Dec. 1979. 29 



Secondarily, at the larger yields, the differences in fallout contours 

produced by the two fallout models are not as pronounced as they are 

for the lower yield weapons. In addition, the GWC October wind used 

in the assessment has the low wind shear characteristics most suited 

to favorable WSEG-10 comparisons with other models. 

c. Comparison of results from cases CIVIC-3 and TENOS 

basically reflect the influence of the prompt and fallout environ

ment combining methodology in the two codes. As a first approxi

mation, if one adds the difference between the TENOS and CIVIC-3 

prompt fatalities to the TENOS combined fatalities, one finds the 

difference between the TENOS and CIVIC-3 results to be about 

11.2% with the CIVIC code giving higher fatalities. 

d. The TENOSjCIVIC-1 comparison case in which CIVIC 

was employed with zero weapon CEP and a point target representa

tion of the population (to be consistent with TENOS methodology), 

showed national assessment results that were in reasonable agree

ment. The difference in prompt fatalities was about 4%, and 

almost all of this difference can be attributed to differences in 

the shelter damage functions and the prompt damage probability 

calculations because of the insignificant influence of CEP and 

target representation parameters noted in (a) above. 

The combined environment f~tality difference of 6.3% 

represents differences in three aspects of the assessment; the 

prompt environment calculations, the differences in the fallout 

models employed by the two codes, and the methodology for com

bining the prompt and fallout environments. From paragraphs (b) 

and (c) above, we note that the fallout model differences (TENOSj 

WSEG-10 results larger) and the combining methodology differences 

(CIVIC results larger) are sufficiently counterbalancing in this 

scenario that the differences between the CIVIC and TENOS assess

ment results can be considered negligible. 

30 



e. As might be expected, the results from the state-by

state summaries show the much wider variations that can be attri

buted in large part to the differences in fallout models and the 

extent of fallout area overlapping. The results from two states 

serve to illustrate this point. The combined fatality difference 

for the TENOS/CIVIC-1 comparison in the state of Alabama for example, 

shows a 23.5% difference with the TENOS (WSEG-10) fatalities being 

higher. On the other hand, for the state of California the differ

ence in combined fatalities is 9.7% with the CIVIC (SEER) fatalities 

being higher. 

For large weapon laydowns, particularly where large yield 

weapons are involved, one can conclude that differences in code 

methodology are washed out when looking at national results. 

However, where specific areas or locations are of interest, par

ticularly as regards constraints that may be employed with certain 

attack optidns, significant assessment differences may be observed 

when using the different methodologies/models employed in CIVIC and 

TENOS. 
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AFRRI 

CCTC 

CIVIC 

FEMA 

FPA 

GWC 

MCOP 

MLOP 

SECTION 7 

GLOSSARY 

- Armed Forces Radiological Research Institute. 

- Command and Control Technical Center. 

- A computer code that estimates civilian fatalities and 

casualties due to the employment of nuclear weapons. 

Both prompt and fallout effects can be taken into account 

in the estimates. Development sponsored by the Defense 

Nuclear Agency (DNA). 

- Federal Emergency Management Agency. 

- Federal Protection Agency. 

- Global Weather Center. 

- Mean Casualty blast Overpressure Vulnerability expressed 

in pounds per square inch. 

- Mean Lethal blast Overpressure Vulnerability expressed 

in pounds per square inch. 

PF - Protection Factor. A factor which accounts for the 

TENOS 

fallout radiation protection afforded by various structure 

types. When the free-field fallout radiation dose is 

divided by this factor, the resulting dose is the dose to 

which people within the structure may be subjected. 

- A computer code developed by the Federal Emergency 

Management Agency (FEMA) to estimate fatalities and 

casualties due to the employment of nuclear weapons. 

Both prompt and fallout effects can be taken into account 

in the estimates. 

WSEG-10 - A fallout model developed by the Institute for Defense 

Analysis for the Weapon Systems Evaluation Group. 
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APPENDIX A 

CIVIC INPUT OPTIONS 

For the calculation of prompt effects damage probabilities, 

three distributions are normally employed; the damage function distri

bution (normally a log-normal distribution), the weapon impact point 

distribution (circular normal), and the population distribution within 

a circle of specified radius (circular normal). The last two distri

butions are combined into one for the purposes of the damage calcula

tion and are represented by an "Adjusted Circular Error Probable" 

(CEPA). Mathematically, CEPA is represented by 

= 
2 i 2 2 :1/2 

~EP + i: 20 (Target Radius * 6076.1155) ] 

1/2 
~EP2 + 8,542,294 * TR2] = 

The "in 2/in 20" term converts the 95th percentile of the 

target distribution to the 50th percentile used for CEP. The factor 

"6076.1155" converts nautical miles (units normally used for target 

radius) to feet. 

In CIVIC, input run-stream option flags are available to 

permit the calculation of CEPA with either CEP = 0, target radius = 0, 

or both. 

The reason for these options is to be able to vary the damage 

calculations without having to modify either the weapon strike file 

which contains the CEP as a unique entity, or the population data base 

which contains the target radius as a unique entity. 

For the purposes of fallout calculations, CIVIC contains two 

fallout models; SEER and WSEG-10. Either of these options can be 

selected at the discretion of the user simply by setting the appro

priate flag in the input run-stream. 

37 



BLANK PAGE 
38 



DISTRIBUTION LIST 

DEPARTMENT OF DEFENSE 

u.s. Documents Officer 
AFSOUTH 

ATTN: U.S. Documents Officer 

Armed Forces Radiobiology Rsch Institute 
Defense Nuclear Agency 

ATTN: Director 

Armed Forces Staff College 
ATTN: Coordinator for Studies & Rsch Lib 
ATTN: Reference & Technical Svcs Br 

Assistant to the Secretary of Defense 
Atomic Energy 

ATTN: Nuclear Policy Planning 
ATTN: Executive Assistant 

Command & Control Technical Center 
Department of Defense 

ATTN: C-343 
ATTN: C-332 
ATTN: C-315 
ATTN: C-312 

Commander-in-Chief, Atlantic 
ATTN: J-5/J-3 
ATTN: N-22 

Commander-in-Chief, Pacific 
ATTN: J-54 
ATTN: J-3 
ATTN: C3SRD 
ATTN: J-634 
ATTN: J-32 

Defense Intelligence Agency 
ATTN: DT 
ATTN: DB-4 
ATTN: DE 
ATTN: DN 
ATTN: RTS-2C 
ATTN: DB-1 
ATTN: DIA/VPA-2 (Fed Res Div) 

2 cy ATTN: DB-6 

Defense Nuclear Agency 
ATTN: NATA 
ATTN: RAEE 
ATTN: STNA 
ATTN: STRA 
ATTN: STSP 
ATTN: NATD 
ATTN: NAFD 

4 cy ATTN: TITL 

Defense Technical Information Center 
12 cy ATTN: DD 

Field Command 
Defense Nuclear Agency 
2 cy ATTN: FCP 

39 

DEPARTMENT OF DEFENSE (Continued) 

Field Command 
Defense Nuclear Agency 
Livermore Branch 

ATTN: FCPRL 

Intelligence Center, Pacific 
ATTN: COMIPAC 

Interservice Nuclear Weapons School 
ATTN: TTV 

Joint Chiefs of Staff 
ATTN: SAGA/SSD 
ATTN: SAGA 
ATTN: SAGA/SFD 
ATTN: J-3 
ATTN: J-5, Strategy Division, W. McClain 
ATTN: J-3, Strategic Operations Div 
ATTN: J-5, Nuclear Division 

2 cy ATTN: J-5, Nuclear Division/Strategy Div 

Joint Strat Tgt Planning Staff 
ATTN: JP 
ATTN: JL 
ATTN: JLA 
ATTN: JPPF 

2 cy ATTN: JLTW-2 

National Security Agency 
ATTN: F. Newton 
ATTN: D. Siuars 

Director 
NET Assessment 

ATTN: F. Giessler 
ATTN: C. Pease 
ATTN: DIR, A. Marshall 
ATTN: Military Assistants 

u.S. European Command 
ATTN: ECJ5-N 
ATTN: J-2-ITD 
ATTN: J-5 
ATTN: ECJ2-T 
ATTN: J-3 
ATTN: J-LW 
ATTN: J-2 
ATTN: J-6 
ATTN: J-5NPG 

u.S. National Military Representative 
SHAPE 

ATTN: U.S. Documents Officer 

Under Secretary of Defense for Policy Plng 
ATTN: USD/P 
ATTN: DUSP/P 

Under Secretary of Defense for Research & Engrg 
ATTN: Tactical Warfare Programs 
ATTN: Chairman, Defense Science Board 
ATTN: Strategic & Space Sys (OS) 



DEPARTMENT OF THE ARMY 

Deputy Chief of Staff for Ops & Plans 
Department of the Army 

ATTN: DAMO-NCN 
ATTN: DAMO-ZXA 
ATTN: DAMO-SSP, COL Sewall 
ATTN: DAMO-RQS 
ATTN: DAMO-NC 

Deputy Chief of Staff for Rsch Dev & Acq 
Department of the Army 

ATTN: DAMA-CSS-N 

Eighth U.S. Army 
ATTN: CJ-JP-NS 

Harry Diamond Laboratories 
Department of the Army 

ATTN: DELHD-N-P 
ATTN: DELHD-I-TL 

U.S. Army Air Defense School 
ATTN: Commander 

U.S. Army Ballistic Research Labs 
ATTN: DRDAR-TSB-S 
ATTN: DRDAR-BLB 
ATTN: DRDAR-BL 
ATTN: DRDAR-BLT, Effects Analysis Br 

U.S. Army Comd & General Staff College 
ATTN: Acq, Library Div 
ATTN: ATSW-TA-D 

U.S. Army Concepts Analysis Agency 
ATTN: CSSA-ADL 

Commander-in-Chief 
U.S. Army, Europe and Seventh Army 

ATTN: AEAGC 
ATTN: AEAGE 

U.S. Army Missile Command 
ATTN: DRSMI -TOR 

U.S. Army Nuclear & Chemical Agency 
ATTN: Library 

U.S. Army TRADOC Sys Analysis Actvy 
ATTN: ATAA-TAC 

U.S. Army Training and Doctrine Comd 
ATTN: ATCD-N 
ATTN: ATCD-AO 
ATTN: ATCD-CF 
ATTN: ATOO-NCO 

U.S. Army War College 
ATTN: Library 

U.S. Military Academy 
ATTN: Document Library 

V Corps 
Department of the Army 

ATTN: Commande~ 
ATTN: G-3 

VI I Corps 
Department of the Army 

ATTN: G-3 

40 

DEPARTMENT OF THE NAVY 

Fleet Intelligence Center, Pacific 
Department of the Navy 

ATTN: FICPAC Code 21 

Fleet Intelligence Ctr, Europe & Atlantic 
Department of the Navy 

ATTN: Code 222 

Marine Corps Dev & Education Command 
ATTN: Commander 

Naval Intelligence Command 
ATTN: NIC-01 

Naval Intelligence Support Ctr 
ATTN: NISC-30 

Naval Ocean Systems Center 
ATTN: Code 4471 

Naval Postgraduate School 
ATTN: Code 1424, Library 

Naval Research Laboratory 
ATTN: Code 2627 
ATTN: Code 1240 

Naval Surface Weapons Center 
ATTN: Code F31 

Naval War College 
ATTN: Code E-11 (Tech Service) 
ATTN: Document Control 

Naval Weapons Center 
ATTN: Code 32607 

Navy Field Operational Intelligence Office 
ATTN: Commanding Officer 

Nuclear Weapons Tng Group, Pacific 
Naval Air Station, North Island 

ATTN: Code 32 
ATTN: Document Control 

Nuclear Weapons Tng Group, Atlantic 
Department of the Navy 

ATTN: Document Control 
ATTN: Code 222 

Office of Naval Research 
ATTN: Technical Information Services 
ATTN: Code 713 

Office of the Chief of Naval Operations 
ATTN: OP 654 (CDR Covey) 
ATTN: OP 50 
ATTN: OP 65 
ATTN: OP 981 
ATTN: OP 955 

Office of the Chief of Naval Operations 
ATTN: OP-OOK 

Connnander- i n-Ch i ef 
U.S. Atlantic Fleet 
Department of the Navy 

ATTN: Code N-3 
ATTN: Code N-2 



DEPARTMENT OF THE NAVY (Continued) 

Commander-in-Chief 
U.S. Naval Forces, Europe 

ATTN: N54, Nuclear Warfare Officer 

DEPARTMENT OF THE AIR FORCE 

Air Force School of Aerospace Medicine 
ATTN: Radiobiology Division 

Air Force Weapons Laboratory 
Air Force Systems Command 

ATTN: SUL 

Air University Library 
Department of the Air Force 

ATTN: AUL/LSE 

Assistant Chief of Staff 
Intell igence 
Department of the Air Force 

ATTN: INA 

Assistant Chief of Staff 
Studies & Analyses 
Department of the Air Force 

ATTN: AF/SAMI 
ATTN: AF/SASB, R. Mathis 
ATTN: AF/SASF 
ATTN: AF/SASM, W. Adams 
ATTN: AF/SASM 
ATTN: AF/SAG, H. Zwemer 

Deputy Chief of Staff 
Operations Plans and Readiness 
Department of the Air Force 

ATTN: AFXOOIR 
ATTN: AFXOXFS 
ATTN: AFXOXFM 
ATTN: AFXOXID 

Foreign Technology Division 
Air Force Systems Command 

ATTN: TQTM 
ATTN: SDN 
ATTN: CCN 

Headquarters Space Division 
Air Force Systems Command 

ATTN: YKD 

Strategic Air Command 
Department of the Air Force 

ATTN: NRI STINFO, Library 
ATTN: NR 
ATTN: AD 
ATTN: XP 
ATTN: DO 
ATTN: XPS 
ATTN: XO 
ATTN: XOXO 
ATTN: STIC (544 SIW) 
ATTN: INT, E. Jacobsen 
ATTN: ADWN 

Tactical Air Command 
Department of the Air Force 

ATTN: TAC/XPJ 

41 

DEPARTMENT OF THE AIR FORCE (Continued) 

Tactical Air Command 
Department of the Air Force 

ATTN: TAC/XPS 

U.S. Air Force, Pacific 
ATTN: XP 

Commander-in-Chief 
U.S. Air Forces in Europe 

ATTN: USAFE/DEX 

Commander-in-Chief 
U.S. Air Forces in Europe 

ATTN: USAFE/DOT 

Commander-in-Chief 
U.S. Air Forces in Europe 

ATTN: USAFE/INA 

Commander-in-Chief 
U.S. Air Forces in Europe 

ATTN: USAFE/INT 

Commander-in-Chief 
U.S. Air Forces in Europe 

ATTN: USAFE/XPX 

DEPARTMENT OF ENERGY 

Department of Energy 
Albuquerque Operations Office 

ATTN: CTID 

Department of Energy 
ATTN: OMA 

Lovelace Biomed & Env Rsch Inst, Inc 
ATTN: D. Richmond 

OTHER GOVERNMENT AGENCIES 

Central Intelligence Agency 
ATTN: OSWR/NED 

Federal Emergency Management Agency 
National Sec Ofc Mitigation & Rsch 

ATTN: Assistant Associated Dir 
ATTN: Deputy Director, J. Nocita 

DEPARTMENT OF ENERGY CONTRACTORS 

Lawrence Livermore National Lab 
ATTN: L-24 
ATTN: L-153, W. Hofer 
ATTN: L-21 
ATTN: L-96 
ATTN: Technical Info Dept, Library 
ATTN: L-49, W. Hogan 

Los Alamos National Laboratory 
ATTN MS 364 (Class Reports Lib) 
ATTN Sandoval, Chapin, Lyons, Best, Dowler 
ATTN M/S634, T. Dowler 

Sandia Nat onal Lab 
ATTN 3141 
ATTN 5613, R. Stratton 



DEPARTMENT OF ENERGY CONTRACTORS (Continued) 

Sandia Laboratories 
Livermore Laboratory 

ATTN: T. Gold 
ATTN: L. Hostetler 
ATTN: A. Kernstein 

DEPARTMENT OF DEFENSE CONTRACTORS 

Advanced International Studies Institute 
ATTN: M. Harvey 

Advanced Research & Applications Corp 
ATTN: Document Control 

Aerospace Corp 
ATTN: Library 

Analytical Assessments Corp 
ATTN: A. Wagner 

BDM Corp 
ATTN: C. Wasaff 
ATTN: R. Buchanan 
ATTN: J. Bode 
ATTN: J. Conant 
ATTN: J. Braddock 

Boeing Co 
ATTN: J. Russel 

66th MI Group 
ATTN T. Greene 

General Electric Co 
ATTN: R. Minckler 

General Research Corp 
ATTN: Tactical Warfare Operations 

lIT Research Institute 
ATTN: Documents Library 

Institute for Defense Analyses 
ATTN: Classified Library 
ATTN: J. Grote 

IRT Corp 

JAY COR 

ATTN: J. Hengle 
ATTN: W. Macklin 

ATTN: R. Sullivan 

Kaman Sciences Corp 
ATTN: F. Shelton 

Kaman Sciences Corp 
ATTN: E. Daugs 

42 

DEPARTMENT OF DEFENSE CONTRACTORS (Continued) 

Kaman Tempo 
ATTN: DASIAC 

Pacific-Sierra Research Corp 
ATTN: H. Brode 
ATTN: G. Lang 

Pacific-Sierra Research Corp 
ATTN: D. Gormley 

R&D Associates 
ATTN: W. Graham 
ATTN: S. Borjon 
ATTN: A. Field 
ATTN: R. Port 
ATTN: E. Carson 
ATTN: A. Lynn 
ATTN: P. Haas 

2 cy ATTN: Document Control 

R&D Associates 
ATTN: J. Thompson 

Rand Corp 
ATTN: V. Jackson 

Santa Fe Corp 
ATTN: D. Paolucci 

Science Applications, Inc 
ATTN: J. Foster 
ATTN: B. Bennett 

Science Applications, Inc 
ATTN: J. Warner 
ATTN: C. Whittenbury, W. Yengst 
ATTN: J. Martin 
ATTN: M. Drake 
ATTN: J. Beyster 
ATTN: L. Nesseler 
ATTN: Document Control 

4 cy ATTN: E. Swick 

Science Applications, Inc 
ATTN: J. Shannon 
ATTN: W. Layson 
ATTN: R. Craver 
ATTN: Document Control 

Science Applications, Inc 
ATTN: L. Goure 
ATTN: D. Kaul 

System Planning Corp 
ATTN: J. Douglas 

T N Dupuy Associates, Inc 
ATTN: T. Dupuy 


